To determine the factors that influence patient survival after in vivo split liver transplantation (SLT).
Summary Background Data
Split liver transplantation is effective in expanding the donor pool, and its use reduces the number of deaths in patients awaiting orthotopic liver transplantation. Early SLTs were associated with poor outcomes, and acceptance of the technique has been slow. A better understanding of the factors that influence patient and graft survival would be useful in widening the application of SLT.
Methods
During a 3.5-year period, 55 right and 55 left lateral in vivo split grafts were transplanted in 102 pediatric and adult recipients. The authors' in vivo split technique has been previously described. Median follow-up was 14.5 months. Recipient, donor, and surgical variables were analyzed for their effect on patient survival after SLT.
Results
Overall survival rates of patients who received an SLT were not significantly different from those of patients who received whole organ transplants. Survival of left lateral segment recipients, at median follow-up time, was 76% versus 80% in patients receiving a trisegment. Fifty of 102 patients (49%) were high-risk urgent recipients (United Network for Organ Sharing [UNOS] status 1 and 2A) and 52 (51%) were nonurgent recipients (UNOS status 2B, 3). High-risk recipients had a survival rate significantly lower than that of nonurgent recipients. By univariate comparison, two variables-UNOS status and number of transplants per patient-were significantly associated with an increased risk of death. Preoperative recipient mechanical ventilation, preoperative prothrombin time, donor sodium level, donor length of hospital stay, and warm ischemia time approached significance. The type of graft (right vs. left) did not reduce the survival rate after transplantation. Multivariate logistic regression analysis identified UNOS status and length of donor hospital stay as independent predictors of survival.
Conclusions
Patient survival of in vivo SLT is not significantly different from that of whole-organ orthotopic liver transplantation. The variables affecting outcome of in vivo SLT are similar to those in whole-organ transplantation. in vivo SLT should be widely applied to expand a severely depleted donor pool.
Orthotopic liver transplantation (OLT) has become a well-established modality for treatment of previously fatal liver disease. The advent of new immunosuppressive agents and refinement of surgical techniques have accounted for remarkable progress in the years since the first OLT was performed in 1963. 1, 2 The past decade has also witnessed an exponential increase in the number of patients awaiting liver transplantation. Currently, it is estimated that more than 14,500 patients are listed for liver transplantation, with only 4,500 cadaveric livers available annually. With more than 4 million Americans affected with hepatitis C, 25% to 35% of whom will develop cirrhosis, the transplant community is anticipating an epidemic of patients requiring transplantation. Such an increasing discrepancy between donor supply and demand has resulted in an increasing death rate for adult and pediatric patients awaiting OLT. In addition, in the past 5 years, there has been an increase in the number of livers transplanted into critically ill patients, with a higher rate of complications and death after OLT.
To maximize donor organ use in children and adults, four procedures have evolved from the fundamental principle that a portion of the liver with a suitable vascular pedicle, bile duct, and venous drainage, along with sufficient functional hepatocyte mass, can sustain hepatic function in a patient as well as a whole organ. Reduced-size liver transplantation [3] [4] [5] [6] [7] [8] [9] was the wellspring for this effort, followed by adult-to-pediatric living-related transplantation, 10, 11 cadaveric split liver transplantation (SLT), and more recently adult-to-adult living donor transplantation. 33 Pichlmayr et al 12 in 1988 reported the first clinical attempt at an ex vivo SLT. One year later, Bismuth et al 13 described two patients with fulminant hepatic failure, each receiving a split graft. Broelsch et al 15 reported the first series of 30 SLTs in 21 children and 5 adults. In this early experience, patient survival was inferior to that reported in series of cadaveric whole-liver transplants. 28 Despite skepticism as to the lasting role of SLT, several European centers, faced with increasing waiting list death rates because of donor scarcity, pursued the split liver option. The results of a collective experience of 50 donor livers, providing 100 grafts during a 5-year period, from the European Split Liver Registry, demonstrated no significant difference from the results of conventional whole-organ orthotopic liver transplantation during the same period. 16 Such results renewed interest in SLT, as evidenced by more recent series of ex vivo SLT. 14, 19, 24 Despite marked improvements of outcome in these series, high-risk patients appeared to have a worse outcome than nonurgent recipients.
A modification of the ex vivo splitting technique is in vivo splitting, which involves an extension of the techniques for living-related donor liver procurement that is completed in the heart-beating cadaver donor. At UCLA, we first attempted in vivo SLT in 1992. Our first experience was not favorable, but after establishing a living-related liver program and accruing experience in 30 cases, we resumed the in vivo split liver program in 1996. In that same year, Rogiers et al 30 reported their initial experience with split grafts, which demonstrated superior results compared with ex vivo split liver techniques.
There have been only a few published reports of in vivo SLT 29 -35 because the procedure has been performed only during the past 4 years. Initial results from these few series, which involved a limited number of patients, suggested an improvement over the ex vivo experience, with higher patient and graft survival rates and a lower incidence of complications. However, larger series of in vivo SLT are required to confirm these results. Further, a better understanding of the factors that influence the outcome of SLT is critical for the successful application of SLT to expand a severely depleted cadaveric donor pool.
This report examined the outcome of in vivo SLT and analyzed the factors affecting patient survival in a large number of recipients.
METHODS

Patients and Cadaveric Donors
From July 1996 to December 1999, 58 cadaveric livers were split in vivo to generate 58 trisegmental and 58 left lateral segment grafts. One cadaveric liver was reduced in vivo to a left lobe for transplantation into a pediatric patient. Another liver was split in vivo into right and left lobes that were transplanted into two adult recipients. Sixteen trisegmental grafts and one left lateral segment were shared with local centers. Five left lateral segments and two right trisegments were not used for transplantation because of prolonged cold ischemia times. Two right trisegmental transplants that were performed in other centers were excluded because of the absence of complete records to allow statistical analysis. Thus, a total of 110 split cadaveric liver grafts were included in this study. For the purpose of analysis, the split right lobe and the two left lobes were included with the right trisegmental and the left lateral segmental grafts, respectively.
Retrospective analysis of the patient records was performed. Survival rates of patients who received an SLT were compared with those of a contemporary cohort of 628 adult and pediatric patients who underwent whole-liver transplantation during the same period.
Candidates for OLT were assigned, according to their medical condition, to one of the following United Network for Organ Sharing (UNOS) categories:
• Status 1: patients in intensive care with expected survival less than 7 days
• Status 2: continuous inpatient • Status 3: at home, but requires medical attention.
In 1997 UNOS status 1 classification for adult recipients was modified into UNOS status 1 (patients with fulminant hepatic failure, acute Wilson disease, primary nonfunction and hepatic artery thrombosis after OLT) and UNOS status 2A (patients with chronic liver disease in intensive care). Previous UNOS status 2 was changed to 2B. Thus, urgent recipients were UNOS status 1 and 2A; nonurgent recipients were UNOS status 2, 2B, and 3.
In Vivo Splitting Technique
Livers from cadaveric donors that were considered suitable for splitting by the procuring surgical team were split in vivo as previously described. 28, 31 In brief, the left lateral segment was mobilized and the left hepatic artery was
Predictors of Survival After In Vivo Split Liver Transplantation isolated after identification of the arterial branch to segment 4. The left branch of the portal vein was isolated after ligation of all branches to the caudate lobe, followed by isolation of the left hepatic vein. Portal vein branches to segment 4 were ligated and divided to the right of the umbilical fissure. The liver parenchyma was divided between the left lateral segment and segment 4 using electrocautery. The left hepatic bile duct and hilar plate were divided sharply. At this stage of dissection, the two isolated hepatic grafts, which included a right trisegmental (segments 1, 4, 5, 6, 7, and 8) and a left lateral segmental (segment 2 and 3) allograft, were perfused with University of Wisconsin solution after cannulation of the inferior mesenteric vein and the infrarenal aorta. The left hepatic artery, the left branch of the portal vein, and the left hepatic vein were divided, and each graft was packaged separately.
In one donor where the liver was reduced in vivo to a left lobe (segments 1, 2, 3, and 4), a formal right hepatectomy was performed in which the liver parenchyma was divided to the right of segment 4. The donor vena cava, celiac axis, portal vein, and common bile duct were preserved with the left lobe. In the donor liver that was split into a right and a left lobe, the liver parenchyma was divided to the right of segment 4. The right lobe was separated by dividing the right hepatic vein, the right hepatic artery, and the left bile duct above the biliary bifurcation. The donor vena cava, celiac axis, and portal vein were preserved with the left lobe; the common bile duct was preserved with the right lobe.
Recipient Procedure
The right trisegmental allograft was prepared on the bench in a manner identical to a whole cadaveric graft, with preservation of the entire length of the celiac axis, portal vein, bile duct, and vena cava. The right trisegmental allograft was implanted in the same manner as a whole organ. 31 Biliary reconstruction was performed using a choledochocholedochostomy over a T-tube or by means of a Rouxen-Y hepaticojejunostomy with an external or internal stent.
The left lateral segmental allograft was transplanted in a fashion similar to the adult-to-pediatric living-related transplant procedure, in which the recipient vena cava is preserved during the initial phase of recipient hepatectomy. The liver allograft was implanted in a piggyback fashion in which the venous outflow tract of the donor graft was anastomosed to the confluence of the recipient hepatic veins. Biliary reconstruction was completed by a Rouxen-Y hepaticojejunostomy with an internal stent.
The immunosuppression regimen consisted of dual tacrolimus-based immunosuppression including tacrolimus and steroids. 34, 36 
Statistical Analysis
Survival analysis was performed using the Kaplan-Meier method. Group survival curves were compared using the log-rank test for nonparametric data. For univariate survival analysis, continuous variables that may affect patient survival were dichotomized at the median value. In addition, all variables were analyzed for independent significance using multivariate logistic regression analysis. P Ͻ .05 was considered significant.
RESULTS
Donor Characteristics
All cadaveric livers from donors younger than 40 years of age were considered for in vivo splitting. As shown in Table  1 , the median donor age was 20 years and the median sodium level was 151 mmol/L. Donors with a history of cardiac arrest or hospital stays of more than 5 days were considered for split liver harvests in urgent situations. Fifteen split liver grafts were obtained from nine donors with a history of cardiac arrest that ranged from 3 to 90 (37.7 Ϯ 28.8) minutes. Five grafts originated from three donors with prolonged hospital stays ranging from 6 to 8 (7 Ϯ 1) days. Two grafts were obtained from one donor with a hospital stay of 8 years. Most donors required one pressor to provide hemodynamic stability. Only 17 grafts were obtained from donors without pressor support. Fifteen grafts were harvested from donors receiving two pressors, and five grafts were obtained from donors receiving three pressors. Donor pressors included dopamine 2 to 20 (7.9 Ϯ 4.9) g/kg/min, epinephrine 0.1 to 1.4 (0.83 Ϯ 0.67) g/min, phenylephrine
This study included 110 (54 right trisegments, 53 left lateral segments, 1 right lobe, 2 left lobes) split cadaveric livers that were used for transplantation. Forty-seven right trisegments, one left lobe, one right lobe, and one left lateral segment were transplanted in adult recipients. Pediatric patients received 52 left lateral segments, 7 right trisegments, and 1 left lobe.
Recipient Characteristics
One hundred two adult and pediatric (younger than 16 years) patients received 110 SLTs. Recipient age was 0.25 to 73 years (mean 24.8 Ϯ 25). Recipient weight was 4 to 113 kg (mean 38.9 Ϯ 31.2). Ninety-five patients received one split graft only. Six patients received two split grafts, and one pediatric patient received three left lateral segment transplants. End-stage liver disease caused by biliary atresia was the most common cause of transplantation in pediatric patients; hepatitis C and fulminant liver failure were the leading causes of transplantation in the adult population (Table 2 .
At the time of OLT, 50 of 102 (49%) recipients were UNOS status 1 or 2A and required urgent transplantation. Fifty-two recipients (51%) were nonurgent (UNOS status 2, 2B, and 3). Preoperative total serum bilirubin was 0.2 to 37.5 mg/dL (mean 9.8 Ϯ 9.4), prothrombin time was 11 to 100 seconds (mean 17.5 Ϯ 14.6), and serum creatinine was 0.1 to 6.6 mg/dL (mean 0.95 Ϯ 0.9). Serum aspartate and alanine transaminases (AST and ALT) were 11 to 17,556 U/L (1,037 Ϯ 2,460) and 9 to 6,170 U/L (664 Ϯ 1,240), respectively. At the time of OLT, cold ischemia time was 1.3 to 10.2 hours (mean 5.6 Ϯ 2, median 5.4). Median warm ischemia was 35.5 minutes (mean 41 Ϯ 19, range 17-103).
Patient Survival
Kaplan-Meier patient survival estimates for all patients who received SLT are shown in Figure 1 . Median follow-up was 14.5 months (range 0 -38.7). Overall survival rates of patients undergoing SLT at 6 months and 1 and 3 years were 81%, 79%, and 77%, respectively. A matched control cohort of 628 adult and pediatric patients who received a whole-organ transplant had corresponding survival rates of 86%, 82%, and 74% (median follow-up time 16.3 months, range 0 -41.9; see Fig. 1 ). There was no significant difference in survival between patients who received a SLT and patients who received whole organs. However, among patients who received an SLT, corresponding survival rates for nonurgent recipients were 92%, 89%, and 89% (Fig. 2 ). Corresponding survival rates for urgent recipients were 70%, 67%, and 65%. Survival for urgent recipients was significantly lower than for nonurgent recipients (P ϭ .002; see Fig. 2 ). Figure 3A demonstrates that there was no significant difference in survival for urgent recipients who Predictors of Survival After In Vivo Split Liver Transplantation received an SLT compared with urgent recipients receiving a whole graft (70%, 67%, and 65% vs. 82%, 76%, and 64%). Similarly, there was no significant difference in survival for nonurgent recipients who received either a split or a whole-organ graft (92%, 89%, and 89% vs. 89%, 85%, and 78%; see Fig. 3B ). Trisegment recipients exhibited overall survival rates of 83%, 80%, and 78%, which was not significantly different from the survival rates of left segment recipients (78%, 76%, and 76%; Fig. 4 ).
Causes of Death After SLT
Ten children and 13 adults died after SLT (Table 3) . Eighteen deaths occurred in 50 urgent recipients (36%). In contrast, only five deaths occurred in 52 nonurgent recipients. Sepsis was the leading cause of death in urgent recipients, resulting in 7 of the 18 deaths (41%). Graft failure was the underlying cause of death in only four urgent patients. Three of five deaths in nonurgent recipients were caused by graft failure. Only three late deaths occurred after SLT (161, 341, and 453 days) and were caused by multiple organ failure in one and sepsis in two patients. Twenty of 23 deaths (87%) occurred within the first 100 days after surgery. Because splitting of the liver may have contributed to recipient deaths within 100 days of transplantation, factors that may influence patient survival during this period were subjected to further analysis.
Predictors of Patient Survival After SLT
Preoperative recipient, donor, and surgical variables were studied for their impact on survival in the first 100 days after SLT. As shown in Table 4 , the recipient variables were age, weight, UNOS status before transplantation, number of transplants per patient, pretransplant mechanical ventilation, preoperative bilirubin, prothrombin time, serum creatinine, and split liver graft type. The donor variables were age, sodium level, length of hospital stay before procurement, history of cardiac arrest, donor serum bilirubin, AST, ALT, and number of donor pressors. The two surgical variables were cold and warm ischemia times.
On univariate comparison, two variables were significantly associated with patient survival after SLT (see Table 4 ): UNOS status of the patient (urgent vs. nonurgent; P ϭ .002) and number of transplants per patient (two vs. one, P ϭ .003). Preoperative recipient mechanical ventilation (P ϭ .091), preoperative prothrombin time more than 11.3 (P ϭ .187), donor sodium level more than 150 mmol/L (P ϭ .132), donor hospital stay more than 5 days (P ϭ .069), and warm ischemia time more than 35.5 minutes (P ϭ .077) all approached statistical significance. Neither the type of graft used (right trisegment vs. left lateral segment, P ϭ .835) nor the age of the recipient (older than 16 years vs. younger than 16; P ϭ .268) influenced patient survival after SLT.
All variables were subjected to multivariate logistic re- gression analysis (Table 5 ). Of these, one recipient and one donor variable were independent predictors of survival: UNOS status of the recipient (urgent vs. nonurgent, P ϭ .003) and donor hospital stay more than 5 days (P ϭ .063), with relative risk factors of 7.2 and 1, respectively.
DISCUSSION
This study represents the largest report to date of in vivo SLT. Transplantation of 102 recipients with 110 SLTs during 3.5 years achieved overall patient survival rates of 79%, 78%, and 78% at 1, 2, and 3 years, respectively. The survival rate of nonurgent recipients was significantly higher than that of urgent high-risk patients. Comparison with a contemporary cohort of 628 patients who underwent a whole-organ transplant during the same period revealed no survival advantages for whole-organ transplantation compared with SLT. Further, patients receiving right-sided split grafts had an equivalent survival rate to those receiving left-sided grafts.
The first series of in vivo SLT in 1996 by Rogiers et al, 30 which included 14 transplantations from seven splitting procedures, demonstrated a 6-month patient survival rate of 92%. Three of 14 (21.4%) recipients were urgent patients. Recently, Reyes et al 35 reported an overall 1-year survival rate of 96% in 29 patients undergoing in vivo SLT. Eight of 29 (27.5%) recipients were high-risk patients. Similarly, our early experience at UCLA, reported by Goss et al, 31 demonstrated an overall patient survival rate of 92% at 6 months and 1 year. This series included 26 patients who underwent 28 in vivo SLTs. Ten of 26 (38.4%) were urgent high-risk recipients. Such initial reports are characterized by a limited number of patients and short follow-up periods. During the past 4 years, we have extensively used the in vivo split Predictors of Survival After In Vivo Split Liver Transplantation procedure to maximize our cadaveric pool for both adult and pediatric patients. Although our overall patient survival rates of 81%, 79%, and 77% at 6 months and 1 and 3 years, respectively, are lower than previous reports using this procedure, the current study included a high number of high-risk patients: at the time of transplantation, 49% were high-risk (UNOS status 1 and 2A) recipients. When patients were stratified according to UNOS status, survival of nonurgent recipients was superior to that of high-risk recipients (92%, 89%, and 89% vs. 70%, 67%, and 65% at 6 months and 1 and 3 years, respectively; P ϭ .002). Among urgent high-risk recipients, survival of patients who received a SLT was not significantly different from those who received a whole organ (70%, 67%, and 65% vs. 82%, 76%, and 64% at 6 months and 1 and 3 years, respectively). Similarly, survival of nonurgent recipients was similar whether a split or a whole organ was used (92%, 89%, and 89% vs. 89%, 85%, and 78% at 6 months and 1 and 3 years, respectively). Thus, the high percentage of urgent recipients may have affected the overall survival of patients undergoing SLT. Nevertheless, patient survival rates after SLT were equivalent to those of whole-organ transplantation.
The adverse effect of high-risk recipients on patient survival is clearly demonstrated in the ex vivo split experience (Table 6) . A collective experience of 50 donor livers, providing 100 grafts during a 5-year period, was reported from the European Split Liver Registry by de Ville. 16 In this report, patient 6-month survival rates were stratified according to the patient's pretransplant status, which included elective nonurgent versus urgent high-risk recipients. In the former situation, the patient survival rate was 88.9% for children and 80% for adults. In the urgent setting, patient survival rates were 61.3% for children and 67.7% for adults. These results were compared with the European Liver Transplant Registry of conventional OLT performed during the same period and showed no significant difference. In fact, the survival rate for elective adult recipients receiving an SLT was higher than the rate for those who received a whole graft (88.9% vs. 80.3%). More recent reports by Azoulay et al, 14 Rogiers et al, 25 Kalayoglu et al, 19 Rela et al, 24 Mirza et al, 21 and Reyes et al 35 confirm poor survival of high-risk recipients undergoing ex vivo SLT. Since 1996, as shown in Table 6 , some series have demonstrated 1-year patient survival rates of 91% and 90%. 19, 24 However, only 8% and 12% of patients were high-risk. Other series that exhibited patient survival rates of 63%, 78%, and 74% included a high percentage of urgent high-risk patients (58%, 58%, and 48%, respectively). 25, 21, 35 Thus, despite marked improvements of outcome in these series, the use of ex vivo SLT in high-risk patients is associated with a worse outcome than in nonurgent recipients. Initial reports on in vivo SLT suggested that the in vivo procedure may offer patient survival advantages over the ex vivo technique in urgent recipients. 30, 31, 35 The current study, in addition to recent ex vivo reports, 14, 19, 21, 24, 25, 35 suggest that both techniques are applicable to high-risk recipients; patient survival rates are lower, but are nevertheless equivalent to those of whole-organ transplantation. However, the in vivo technique, compared with the ex vivo procedure, produces a lower rate of biliary complications 28, 31 and avoids excessive blood loss from the cut surface of the liver on reperfusion. 29 Further, mandatory back-table manipulation for ex vivo splitting is associated with graft rewarming, increased susceptibility to hepatic ischemia/reperfusion hepatic injury, and prolonged cold ischemia time. 28 Such deleterious effects are avoided with the in vivo procedure.
The death rate for urgent recipients in the current study was 36% for high-risk recipients, compared with only 9.6% in nonurgent patients. Twenty of 23 deaths (87%) occurred in the first 100 days after transplantation. Eighteen of the 23 deaths were in urgent recipients (78%). Sepsis, but not graft failure, was the leading cause of death in these patients (7/18, 41%). Fungal infections were the most common cause of sepsis, occurring in six of seven recipients who died of sepsis. In addition, sepsis was the cause of death in two of three patients who died more than 100 days after transplantation. Such results are similar to those reported with whole-organ transplantation. In patients who underwent OLT for hepatitis C virus at our institution, sepsis was the cause of death in 37.8% of patients who died after whole-organ OLT. 36 Similarly, 26% of deaths in patients undergoing transplantation for primary sclerosing cholangitis were related to sepsis. 37 A high incidence of death from sepsis in the late postoperative period has also been reported after whole-organ transplantation. 38, 39 Univariate analysis of recipient, donor, and surgical factors identified two significant variables that reduce patient survival after SLT: recipient UNOS status 1 and 2A and need for retransplantation (two vs. one transplants). Preoperative mechanical ventilation and elevated prothrombin time were two other recipient variables that approached significance. All such variables, particularly an advanced UNOS status, have been identified by multiple other studies as predictors of poor patient survival after whole-organ OLT. 40 -46 Age group, number of transplants, and UNOS status were identified as independent risk factors for patient death in a study that evaluated 250 patients who underwent retransplantation at UCLA. 41 Other variables that approached significance on univariate analysis in the current study included donor sodium level more than 150 mmol/L, donor length of hospital stay of more than 5 days, and surgical warm ischemia time of more than 35.5 minutes. A large study that analyzed 340 OLTs demonstrated that a donor plasma sodium level of more than 155 mmol/L and ABO incompatibility were independent predictors for pa- Predictors of Survival After In Vivo Split Liver Transplantation tient and graft survival. 45 The deleterious effect of prolonged warm ischemia time on the outcome of transplantation is well established. 46, 47 Similarly, a prolonged donor hospital stay has been clearly demonstrated to reduce graft and patient survival after whole-organ grafts. 46, 48, 49 In addition, multivariate analysis in our study identified a donor hospital stay of more than 5 days and UNOS status of recipients as independent predictors of survival after SLT. In contrast to other published reports, our study did not demonstrate that the age of the recipient 41, 50 or the type of graft used (right vs. left) reduced patient survival. 4, 14 It therefore appears that factors affecting patient survival after SLT are similar to those previously identified for wholeorgan transplantation.
Despite the intuitive appeal of SLT as an innovative approach to the scarcity of liver donors, poor initial results with reduced-size and ex vivo split grafts have resulted in slow acceptance of the procedure. In recent years, national debate on organ allocation has underscored the acute need for a renewed interest in SLT. The current data clearly indicate that the outcome of in vivo SLT is equivalent to that achieved by whole-organ transplantation. We have therefore pursued an aggressive policy to split suitable livers into right trisegmental and left lateral grafts to benefit both the adult and pediatric populations. 28 We are pursuing the option of a right and a left lobe split that would benefit two appropriately size-matched adult recipients. We have also developed institutional donor, surgical, and recipient criteria for SLT. Hemodynamically stable cadaveric donors younger than 45 years are considered for the split procedure if the liver is deemed suitable by the harvesting team. We avoid using livers from donors with sodium levels more than 155 mmol/L, with hospital stays of more than 5 days, or with a history of cardiac arrest, or who are receiving more than one pressor, except in desperate circumstances. Cold ischemia time is ideally kept to less than 6 hours, and transplantation of split grafts with cold ischemia times of more than 10 hours should be avoided. Warm ischemia time should not exceed 45 minutes. With the current organ allocation system that favors urgent recipients, it is practically impossible to avoid transplantation of split organs in UNOS status 1 or 2A recipients. Moreover, splitting a liver graft for an urgent recipient is likely to benefit another nonurgent patient. Such insight is validated by our current results that demonstrate equal survival rates of high-risk patients, whether they received a split or a whole-organ graft.
In summary, in vivo SLT can be performed in nonurgent recipients with excellent results. Despite a lower patient survival rate in high-risk recipients, SLT can be applied to urgent patients with results that are equivalent to those expected with whole organs. Independent variables reducing patient survival after SLT include a donor hospital stay of more than 5 days and high-risk urgent patients. Other factors that may affect patient survival include retransplan- tation, preoperative mechanical ventilation, elevated prothrombin time, donor sodium level and prolonged warm ischemia. SLT should be applied to expand the donor organ pool and benefit a larger number of patients.
DR. CHRISTOPH BROELSCH (Essen, Germany): This remarkable paper and the surgical achievement definitely sets a new standard by the UCLA group in performing liver transplantation. It is clearly shown that it is not the type of transplant that the patient receives, but clearly the time when the transplant is needed and the graft that should be available.
It was exactly 10 years ago when we first presented a series of 30 split and 30 recipients from my Chicago group, with an outcome of about 15%, inferior to the standard results, and a biliary tract complication rate of about 30%, which was unacceptable and prompted a reluctance of the acceptance of the procedure. As causes for the worse results, there were a few primary nonfunctioning grafts and there were circulation problems with the segment 4 for anatomical reasons. For several years then, splitting has been reluctantly applied, while living-related transplants, particularly for children, by performing left lateral segmentectomies, had obtained excellent results! Simultaneously, because of the need for organs, cadaveric splits as well as increasing living-donor hemihepatectomies were performed by several centers. The first series was reported last year at the ASA Meeting by Fan from Hong Kong, the background there being that no cadaveric organs were available. Here, as well as in Europe, we do have cadaveric donors, and many in the field concur with you that the split approach should be more widely applied.
The way you describe it, it looks really simple and well organized, like young donors, even on pressures or even with cardiac arrest, are the ones that should be used while many donor hospitals agree on letting you perform those procedures with little burden on their resources. It apparently worked in all the cases you described. But in reality, you only did this about 60 times in 3 1 ⁄2 years while you did almost 700 other transplants. My first question, therefore, is: How many times did you really try to set up this splitting and fail for some reason? Is it worth the effort to set up a system, at least in your region, and what is the potential?
The second question: How would you then apply to a more nation-wide set-up as we have proposed in the transplant area but are facing tremendous physician resistance?
The limitations for the procedure you described are clearly that in your splitting system, excluding lobar in situ or ex vivo splitting, you need a child and an adult as a pair. But there are not as many children as there are potential liver segments, including the ones deriving from the living-related procedures and you are bypassing the real problem, which is two adults needing a part of a split. This conflict, I believe, can only be solved by using both the livingrelated hemihepatectomy procedure as well as the cadaveric split procedures. Do you see both procedures supplementing each other? Or do you see a growing competition, or even one procedure replacing the other?
The last small point is your definition of "in vivo split." I would rather like to refer to an "in situ procurement," as we suggested. The "in vivo" procedure, I believe, cannot be performed on a cadaveric brain-dead donor. By definition, it is an "in situ split," because there is no more "vita" or "vivere" in a deceased donor. PRESENTER DR. RONALD W. BUSUTTIL (Los Angeles, California): Your first two questions basically want to address the issue of the logistics of in situ or in vivo split liver transplantation. Clearly, it can be a logistical nightmare.
When we first started the procedure, we tried very carefully to discuss it with the other members of the team within our region, and we took a significant period of time to make them understand that this was something that we should be trying and that we would do everything we could not to impact on the procurement of the hearts, the pancreata, et cetera. In fact, the system that we have now is that we say it is going to take us 1 1 ⁄2 hours and no more to do the in situ split liver transplant. If we can't do it, we stop at that point, perfuse the organs, and then complete the split on the back table. But most of the time, it can be done.
One of the most important issues is: Does this impact the viability of other grafts? We have looked at that, and in fact there has been no deleterious effect on hearts, pancreas, or kidneys when the in situ liver procedure has been done.
With regard to a national system, UNOS has now instituted a voluntary plan allowing the sharing of split organs. This has not been actually put into place yet, and I think we are going to have to see how this works.
We think that these organs, as was indicated in the presentation by Dr. Ghobrial, really have to come from very good donors. Ischemia time has to be kept to a minimum. And I am concerned about sending these organs across the country, although we have shared them with other centers with fairly good results.
The third question was: What role does the in situ split have vis-a-vis the LRD in adults? I do think they that are complementary. As you know, the adult LRD program in this country has only been rolling over the last 12 to 18 months. About 200 cases have been done. The chief concern is the issue of donor safety. Of the 200 cases that have been done, there has been at least a 10% complication rate in the donor. So I think we have to proceed with that cautiously. I think if we have a procedure that avoids any risk to the donor, probably it would be the preferential procedure.
DR. GORAN B. KLINTMALM (Dallas, Texas): One lesson learned from the UCLA group is that these excellent results do not come cheaply nor freely. The data helps us determine how to select donors and recipients and how to execute the split liver transplantation. The results presented to us today show us what can be achieved when performing large volumes of these surgeries. In experienced hands, the result of the transplantation of a split liver graft for the recipient of either the right or left segment is equal to the results of full-size organ grafting. I have four questions to ask the authors.
Number one, when evaluating donors or potential split liver organ donation, there is constantly a discussion of how perfect the donor needs to be. Several extremely important views are shared by the authors in the manuscript. The use of pressors in the donors is okay, preferably not more than one, but two or even three is permissible if good blood pressure is maintained. Even a history of cardiac arrest in the donor does not preclude organ donation. However, what caught my attention was the amount of transaminase increase that you accepted. You had donors with AST as high as 853 and ALT as high as 612. My question is: How do these enzyme elevations go into your judgment on the suitability of split liver organ transplantation?
Number two, I assume that you define warm ischemia time as the time from when the graft is taken out of the ice until reperfusion occurs. The importance of warm ischemia time was well recognized in the old days of kidney transplantation. This is something not widely discussed in the liver transplantation, and has virtually disappeared over the past years from the debate in kidney transplantation as well. We have recently seen a couple of publications where the importance of warm ischemia time has reemerged, and it is also mentioned in your paper. My question is: How important do you think warm ischemia time is and how much do we need to reemphasize the importance of getting the livers in quickly to minimize preservation injuries?
Number three: Retransplantation is being brought about because of the poor results. In your previous report of retransplantation at UCLA, you reported a 55% survival for 1 year and 47% for 5 years beginning at the time of the second transplant. My question is: In a time of extreme need, where primary transplant outcomes are running better than 85%, should patients in need of a second transplant receive a lower priority?
Number four: Dr. Ghobrial and Dr. Busuttil, I understand that you aggressively tried to do a split in every suitable donor. However, it is unclear to me what your policy is on how to allocate the split liver grafts that result from these procedures. The question is: Are you truly looking to split liver donors only when you have an urgent patient, since half of your patients were urgent recipients? Or do you split every graft that you think you can get away with and then allocate the grafts to your recipients according to regular UNOS standards? In this process, do you ask for permission of the right lobe recipient to resect the left lateral segment for a pediatric recipient?
In conclusion, this presentation by the UCLA group has provided us with the fundamental guidelines on how to proceed with split liver transplantation. It will help guide policy not only on the local program level, but also on the national level. DR. BUSUTTIL: Dr. Klintmalm, your first question referred to how good does the donor have to be-as good as it possibly can be. I think the best results are going to be obtained with a pristine donor. Our policy now is to go out and look at every donor with the intention to split. I think one of the most important parameters is how the liver looks at the time that you see the liver at the time of procurement.
The issue about the transaminase elevation is important. I am not sure that was not a recipient transaminase. In any event, we look at the transaminases, and obviously we look at the trend more than any absolute number.
Regarding warm ischemia, with ex vivo split liver, you split the liver on a back bench, there is rewarming that occurs when you fix the liver. I think you have to minimize warm ischemia as much as possible, and that is what we do with any type of transplant that we perform.
Regarding the philosophical issue of whether we should do a retransplantation on these patients, I think this is a personal philosophy. It is very difficult, as I think I have stated before in front of this organization, to abandon a patient who has a failed graft and not retransplant them. But I think in this time of crucial donor shortage, we have to be somewhat circumspect in that and exercise judgment not only for our own patients but for all the other patients on the list. I think, yes, if I have a patient who has a PNF or an hepatic artery thrombosis, I do indeed think those patients need to be retransplanted. If they are out 2 weeks with sepsis, dialysis, and ventilator dependence, obviously you are not going to want to retransplant those patients. Your last question is very, very important, and that is the issue of to whom you offer split liver transplants. I think to do this you have to fully inform your patients, and basically what we have now developed is a two-tier list of recipients. We inform the patients at the time of evaluation that we have a split liver program, and tell them they may accept a split liver or they may not. We only do it in those patients who have accepted it, and they can back out at any time, just like they can for adult living-related transplantation. And we will do it in elective patients, obviously, put in the right lobe, if the patient has accepted it early on. DR. MARK B. ADAMS (Milwaukee, Wisconsin): Dr. Busuttil, can you tell me why you think there is a significant advantage to the in vivo versus the bench if the liver is kept cold during the bench work?
DR. BUSUTTIL: First of all, when you do the ex vivo technique it takes about 2 1 ⁄2 hours to cut the liver on the bench, there is rewarming, and I think that there is an increased incidence of graft dysfunction. This has been shown in all of the series reported. The overall incidence of biliary complications in the ex vivo technique is approximately 20%, whereas in the in situ technique the biliary complication rate is about 2% to 3%.
Secondly, the bleeding you see in the ex vivo is higher than it is than in vivo, because in the in vivo, you achieve hemostasis during the time of procurement. So complications are less with the in situ, and the results with urgent patients in which the ex situ has been performed are not comparable to what we see with the in situ.
DR. ANDREAS G. TZAKIS (Miami, Florida): Dr. Busuttil, would you please define any exclusion criteria for donors for a split that you might have, and also any size considerations? I notice that one of your recipients was 113 kg. Are there any age limitations? DR. BUSUTTIL: We showed one exclusion criteria, being in the hospital for greater than 5 days. I think that the ultimate exclusion criteria is when you go and look at the liver, if the liver doesn't look good, you don't split it.
Your other question was size considerations. I think you can basically put a triseg in anybody that you would consider putting a whole organ graft in. Again, that is a judgment issue of whether you think you have got sufficient hepatocyte mass.
As we get more experienced, the age is going up. I remember Dr. Starzl once saying that he would never take a donor over 55-until he reached 55 years of age. So as our experience is increasing, we are going up. We have had now a donor who was, I think, about 54 years of age that we have split. But again, younger and better is better. Predictors of Survival After In Vivo Split Liver Transplantation
